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Abstract. Taking into account that chemical treatments are generally pollutant, their use in 
crop protection is generally accepted, but at the same time is subject to narrow limitations in case of 
stocks used for human and animal consumption.  
This paper presents the results of some laboratory tests regarding the resistance of different 
genotypes - wheat varieties and corn hybrids on the attack of grain weevil (Sitophilus granarius L.) 
that would help control this pest through ecological methods. Due to the lack of information in the 
speciality literature worldwide regarding the resistance of stored cereal grains on the attack of grain 
weevil, we decided to study this aspect thoroughly between 2005-2009, in the Entomology Laboratory 
at Agricultural Faculty of University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. 
 




Zacher and Andersen mentioned that the grain weevil (Sitophilus granarius L.) has 
different preferences for different types of cereals, its favourite grain being rye, then wheat, 
barley and oat. Barley and oat are less attacked by the grain weevil because they are enclosed 
within palea, so they can put up a greater resistance to the attack and they are not consumed if 
in the same storage room there are other cereals with ’unenclosed´ kernels (Andersen, 1938; 
Kacsó, 1971). 
Rădulescu (1938) noticed that even different species of wheat are infested differently 
during storage by the grain weevil (Sitophilus granarius L.). In the same conditions, the 
intensity of the attack varied a lot from one species to the other. 
As far as wheat is concerned, it is well known from various practical observations, that 
the species are attacked differently by the grain weevil (Sitophilus granarius L.). Practitioners 
would say that small kernels are less attacked than big kernels and that there are even species 
completely resistant to any attack (Rădulescu, 1938; Mózes et al, 1971). 
According to Rădulescu’s (1936) researches, who determined how the grain weevil 
attacked different species of wheat cultivated at that time in Romania, generally the species 
that suffered less or at all from the attack, were characterized by a pronounced vitreousness 
and those that suffered more were the floury ones. We can conclude that the strength of the 
kernel (that is not always related to the vitreousness of the kernel, given by a high percent of 
proteins) plays an important role in the resistance to the weevil’s attack.  
The resistance or the sensibility to attack can be considered a specific feature of the 
species. The cause of these differences seems to be the strength of the kernel that is expressed 
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up to a point by the vitreousness. Thus, a floury wheat offers more favourable life conditions 
to insects, so they breed very quickly, while in a vitreous kernel they breed a lot less or they 
don’t breed at all (Dinuţă, 2006). 
The absolute weight (the weight of 1000 kernels) has no role in explaining the 
differential sensitivity of the wheat species to the attack of the grain weevil. Nor the gluten 
content can be correlated with the sensitivity of the species (Rădulescu, 1938). 
Similar results have been found by Dobi (1976) who studied the behaviour of different 
species of wheat and commercial corn hybrids to the attack of Sitophilus genus. The author 
also mentions about an inverted correlation between the vitreousness of the kernel and the 
humidity percent of the kernel in relation to the weevil’s attack. Thus, its strength is bigger 
when the humidity reaches 12% to 13% and it drops gradually as it goes up. 
These preferences of the weevils for different species of wheat, according to the 
vitreousness of the kernel, (correlated with the humidity of the kernel), have also been 
reported by Szőnyegi and Kalmár (1999). They consider this phenomenon an important factor 
in the integrate protection of storage facilities. 
 
MATERIALS AND METHODS 
 
In order to study the preferences of the grain weevil (Sitophilus granarius L.) for 
different cereals, several species of wheat and corn hybrids from the Transylvanian plain have 
been taken into consideration: 
- the Arieşan variety has been created at the Agricultural Research and Development 
Institute in Turda in 1985. Nowadays it is the variety the most cultivated in the hill areas due 
to its high and stable production. Its kernels are big, oval shaped, reddish, MMB is between 
50 g and 55 g, while the hectoliter weight is 78-82 kg/hl. The protein content of the grains is 
12% to 14%. The overall features classify this variety as a good quality one. 
- the Apullum variety has been created at the Agricultural Research and Development 
Institute in Turda in 1992. It is frost-resistant and very good for baking. The grain is oval-
shaped, medium-seized and white, MMB is between 44 g and 48 g, while the hectoliter 
weight is 78-82 kg/hl. It is a very good quality variety. 
- the Turda 2000 variety has been created at the Agricultural Research and 
Development Institute in Turda in 2000 and it is a combination between the quality potential 
of the Apullum variety and the production potential of the Arieşan variety. The kernel is oval-
shaped, reddish, MMB is between 48 g and 54 g, while the hectoliter weight is 77-81 kg/hl. It 
is a very good quality variety. 
- the Fundulea 4 variety has been created at the Agricultural Research and 
Development Institute in Fundulea. Nowadays it is a widely cultivated variety due to its high 
and stable productions. Its kernels are big, oval shaped, reddish, MMB is between 44 g and 46 
g, while the hectoliter weight is 78-82 kg/hl. The protein content of the grains is of 12,5 to 
13%. The overall features classify this variety as a good quality one. 
- the Triticum aestivum ssp. spelta species belongs to the hexaploid group (2n = 42 
chromosomes) and it comprises autumn and spring species. It is an old spicies, frost and pest-
resistant, with a high protein and gluten content. The caryopsis has on average 12,9% protein 
content and 28,1% gluten content. It is cultivated in limited areas in central and western 
Europe, in the mountain and cool areas of Switzerland, Germany, France, Italy, etc. 
- the corn hybrid Elan has been omologated in 1992 and it fits in the FAO 280 
classification. The grain is yellow-golden, MMB 303 ± 32 g and a productivity of 80,7 ± 
2,3%. It contains 11,9 ± 1,2% protenis, 4,7 ± 0,4 % fat and 70,8 ± 1,4 % starch. 
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- Turda Super is a triple linear hybrid omologated in 1996 that fits the FAO 320 
classification. The grain is yellow-golden, MMB 229 ± 18 g and a high productivity of 80,9 ± 
0,5%. It contains 12,3 ± 0,6% protenis, 4,3 ± 0,4% fat and 70,7 ± 1,4% starch. 
- Saturn is a simple hybrid, omologated in 1994 and it fits in the FAO 360 
classification. The grain is yellow-golden, MMB 301 ± 36 g and a high productivity of 80,5 ± 
2,0%. It contains 11,9 ± 0,9% protenis, 4,4 ± 0,5% fat and 70,0 ± 1,1% starch. 
- Pop-Corn is cultivated on a smaller scale than the other hybrids that are used for 
food and it fits in the FAO 360 classification. The grain is yellow-golden, MMB 245 ± 36 g. 
It contains 11,3 ± 0,9% protenis, 4,6 ± 0,5% fat and 67,2 ± 1,1% starch. 
- Turda Mold 188 is a triple linear hybrid homologated in 2001 that fits the FAO 290 
classification. The grain is yellow-golden, MMB 277 ± 33g. It contains 9,5 ± 1,2% proteins, 
4,6 ± 0,6% fat and 71,3 ± 1,6% starch. 
The chemical composition of the wheat and corn grains of the 2005 harvest is presented 
in Tab. 1. 
 
Tab. 1 



















Arieşan Triticum aestivum ssp. 
vulgare 53,0 12,3 30,2 - 
2 Turda 2000 Triticum aestivum ssp. 
vulgare 51,5 13,2 34,1 - 
3 Apullum Triticum aestivum ssp. 
vulgare 42,0 13,2 34,7 - 
4 Fundulea 4 Triticum aestivum ssp. 





Triticum aestivum ssp. 
spelta 86,2 12,9 28,1 - 
6 
Corn 
Turda Super Zea mays convar. 
aorista 299,0 11,6 71,4 4,3 
7 Turda Mold 188 
Zea mays convar. 
dentiformis 277,0 11,6 70,9 4,4 
8 Saturn Zea mays convar. dentiformis 301,0 11,0 71,0 4,6 
9 Elan Zea mays convar. 
aorista 303,0 11,4 68,6 4,4 
10 Pop-Corn Zea mays convar. everta 245,0 11,3 67,2 4,6 
 
The study had ten variants and it was repeated three times for each wheat variety and 
corn hybrid. We used plastic boxes of 500 ml where we put 100 g of wheat and corn grains. 
The seeds inside each box were weighed with an electronic scale and then we counted the 
grains from each repetition. After that we put on each stock 10 pairs of weevils in the imago 
stage of the same age 24 to 48 hours. The separation according to sex was done taking into 
account the morphological characters of the weevils. 
The study lasted for one year. During this time, the infested samples were placed in 
the laboratory on room temperature (21˚C ± 2˚C) and relative air humidity 75% ± 5%. At the 
beginning of the study the humidity of the seeds was according to standards (12-13%). 
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Every three months we weighed each sample, we counted dead and alive weevils and 
how many seeds were attacked. 
 
RESULTS AND DISCUSSION 
 
Following the observations made every three months, we noticed that the intensity of 
the attack varied from one species to another and at the level of the pest’s population. The 
substance mass consumed by the weevils differed from one variant to another and there can 
be seen differences regarding the consumed mass between the wheat species or the corn 
hybrids with the same protein content (Tab. 2).  
In the first three months the pest consumed the smallest quantity of cereals (wheat and 
corn) due to the low humidity of the seeds (12-13%). Following the activity of the weevils, 
the humidity of the cereals grows, so they become more accessible during feeding because 
they are softer. Taking into account the fact that the vitreousness of the seeds is influenced by 
several factors such as the chemical composition, the thickness of the tegument, etc., this 
“softness” of the seeds depends on the characteristics of the variety, hybrid or species that the 
seed belongs to. 
However, the consumed quantity increases together with the increase of the humidity 
of the seeds and the pest’s population, reaching its maximum after 12 months for each species 
or hybrid. The grains that were the most accessible to the grain weevil (Sitophilus granarius 
L.) in the first three months, due to the biologic characteristics, were consumed a lot in the 
next 6 months when the pest’s population exploded. In the last three months of the study we 
noticed a big regression of the pest’s population on these species due to over-population and 
food consuming. The seeds were over 90% harmed. 
During the 12-months study we noticed a progressive growth of the pest’s population 
on the stocks of grains that in the first three months were less consumed. Due to the fact that 
the population of weevils did not have a rapid development in the last three months, there was 
no massive regression due to high mortality. 
 
Tab. 2 
Quantity of seeds consumed by the granary weevil (Sitophilus granarius L.)  
in 12 months in different seed stock  
(Cluj-Napoca, 2008) 
 









Quantity (g) consumed after: 
3 months 6 months 9 months 12 months 
Arieşan 12,3 1 100,00 4,49 25,13 43,55 64,45 
Turda 200 13,2 2 100,00 3,19 18,86 38,35 49,39 
Apullum 13,2 3 100,00 3,12 18,69 45,49 63,73 
Fundulea 4 13,0 4 100,00 3,80 28,78 49,33 61,78 
Spelta 12,9 5 100,00 2,14 10,42 15,32 25,81 
Turda  Super 11,6 6 100,00 4,37 10,31 22,04 33,79 
Turda  Mold 188 11,6 7 100,00 4,74 11,20 19,80 25,39 
Saturn 11,0 8 100,00 6,91 15,70 22,25 28,65 
Elan 11,4 9 100,00 5,30 9,73 16,45 23,94 
Pop - Corn 11,3 10 100,00 5,31 14,26 22,95 32,50 
 
The Triticum aestivum ssp. spelta species was the most resistant to the grain weevil’s 
attack because its kernels are enclosed within palea (Fig. 1e). A smaller resistance, but still 
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that must be mentioned, had the Turda 2000 variety, especially in the first three months (Fig. 
1d). 
Arieşan, Apullum and Fundulea 4 wheat varieties were the least resistant, being almost 
completely consumed during the 12 months period (Tab. 2 and Fig. 1a, b, c). The 
differentiated consume was not always directly corelated with the high protein content. The 
Triticum aestivum ssp. spelta species was the most resistant to the attack of the grain weevil. 
It has a smaller protein content, only 12,9 % as against the Appullum variety (34,7 %) that 
was more intensely consumed. 
For those species of wheat (Triticum aestivum ssp. vulgare) that did not have the 
kernel enclosed within palea, there was a certain correlation between the consumed quantity 
and the protein content of the seeds. The Turda 2000 variety was the most resistant to the 
attack of the pest. It has one of the biggest protein contents 13,2%, as against the Arieşan 
variety that has 12,3% protein content (the smallest from all the varieties in this study) and it 
was the least resistant to the grain weevil’s attack. The correlation between the protein content 
and the attack of the weevil was not obvious for the Apullum variety because this one was 
strongly attacked by the weevil, although its protein content is bigger than Turda 2000 variety 
(Tab. 2). This was the most resistant variety from all the species that have the kernel enclosed 
within palea. 
In as far as corn seeds are concerned, the differences are more evident (Tab. 2). The 
hybrid named Elan was the most resistant to the weevil’s attack (Fig. 2e). It has an average 
protein content, 11,4%, compared to Turda Super hybrid that is the least resistant but has the 
highest protein content 11,6% (Fig. 2c). Turda Mold 188, Saturn and Pop-Corn, the other 
hybrids taken into consideration, were significantly consumed too (Fig. 2a; b; d). 
From the results acheived after 12 months of study we can not certainly say that the 
hybrids with the highest protein content were the most resistant to the grain weevil’s attack 
because some of them (Turda Super) were the weevil’s favourite (Tab. 2). Taking into 
consideration that the differences in the chemical composition of the hybrids cultivated in the 
Transylvanian Plain are small (variations under 1%), this aspect had a minor contribution in 
the resistance to the pest’s attack. However, the differences can be given by other factors such 
as: the thickness of the tegument, the morpho-structural features of the convariety that the 
hybrids belong to. 
 
   
a) Wheat variety ,,Arieşan”            b)   Wheat variety ,,Apullum” 
(original, Cluj-Napoca 2008)                             (original, Cluj-Napoca 2008) 
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c) Wheat variety ,,Fundulea 4”                                        d) Wheat variety ,,Turda 2000” 
(original, Cluj-Napoca 2008)                                               (original, Cluj-Napoca 2008) 
 
 
e) Wheat species ,,Triticum aestivum ssp. spelta” (original, Cluj-Napoca 2008) 
 
Fig. 1. The aspect of wheat stocks (variety from Câmpia Transilvaniei)  
damaged by granary weevil (Sitophilus granarius L.) after 12 months from infestation 
 
   
a)  Convariety Everta ,,Pop-Corn”                                   b)  Corn hibryd ,,Saturn” (original, 




b) Corn hibryd ,,Turda Super”                                   d)   Corn hibryd ,,Turda Mold 188” 
(original, Cluj-Napoca 2008)                                       (original, Cluj-Napoca 2008) 
 
 
e) Corn hibryd ,,Elan” 
(original, Cluj-Napoca 2008) 
 
Fig.2.The aspect of corn stocks (hybrids from Câmpia Transilvaniei)  




Our conclusions after a one year study concerning the behaviour of different varieties 
of wheat and corn hybrids on the attack of grain weevil are: 
- the wheat species Triticum aestivum ssp. spelta was the most resistant to the grain 
weevil’s attack because its grains are enclosed within palea; 
- among the wheat varieties that belong to Triticum aestivum ssp. vulgare species, the 
Turda 2000 variety was the most resistant, while the Arieşan and Apullum varieties were the 
least resistant; 
- in as far as wheat species are concerned, the resistance to the grain weevil’s attack 
was not directly correlated with the high protein content; e.g. the Turda 2000 variety (protein 
13,2%) was the most resistant, while the Apullum variety with the same protein content was 
strongly attacked; 
86 
- the corn hybrid that was the most resistant to the weevil’s attack was Elan, with an 
average protein content of 11,4%, while the Turda Super hybrid was the least resistant but 
had one of the highest protein content 11,6%; 
- from the results obtained in this study we can conclude that the hybrids with the 
highest protein content were not the most resistant to the grain weevil’s attack; 
- due to the fact that the protein and gluten content between the varieties and hybrids 
cultivated nowadays in the Transylvanian Plain is very small (under 1%), the differences 
obtained cannot be justified by taking into consideration this factor only; 
- the differentiated consume that could be noticed on different stocks was certainly 
influenced by factors such as: convariety and spicies characters, the thickness and toughnes of  
tegument, the level of seed palea coverage; 
- in the first three months, the damage produced by the weevils on the wheat stocks 
(except for Triticum aestivum ssp. spelta) is small, but it gets bigger with the increase in the 
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